Introduction
The dynamics of the emergence, duration, and decline phases in epizootic cycles are well known for humans and some crops, but they are poorly understood for host-parasite systems in the wild (Heins et al. 2011) . Introduced species, such as some animals and pathogens, may result in changes to community assembly (Dunn et al. 2012) , modify the physical structure of habitats, impact on resident species (Simberloff and Rejmánek 2010; Simberloff et al. 2013 ) and contribute to ecosystem degradation and impairment of ecosystem services worldwide (Pyšek and Richardson 2010) . However, not all introductions are successful. Many introductions may occur, but individuals subsequently fail to spread or reproduce (Richardson et al. 2000; Pyšek and Richardson 2010) . Unfortunately, performance and sexual behaviour and mate choice have all been associated with, and in some cases been shown to be a result of, parasite infections (Barber et al. 2000) . Parasites may also affect fish reproduction depending on the targeted organ (Sitjà-Bobadilla 2009) and damage to reproductive organs may pose a threat to the survival of the host species (Sitjà-Bobadilla 2008) . Parasites may thus induce net fitness effects on individual hosts resulting from the direct effects of infection (which are usually negative) combined with the consequences of indirect effects on other species (which may be positive or negative) (Dunn et al. 2012) . Studies of parasite infections in alien host species and the native species that may be affected are therefore vital to understand the roles and impacts of parasites in freshwater ecosystems (Georgiev et al. 2014) .
Most studies have focused on parasites with a simple life cycle . However, many parasites have a more complex life history. The maintenance and evolution of such parasites in an ecosystem depends on the existence of potential hosts for their survival and the fulfillment of their life cycle (Bouzid-Lamine 2008) . For example, the tapeworm Ligula intestinalis (Linnaeus, 1758) (Cestoda: Diphyllobothriidea) is a common and widespread parasite with a life cycle comprising three hosts. Its life cycle includes a copepod and a fish as intermediate hosts, and a piscivorous bird, in which the parasite reaches sexual maturity, serving as the definitive host (Kennedy et al. 2001; Loot et al. 2001; Bouzid et al. 2008; Hoole et al. 2010; Kroupova et al. 2012) . Tapeworms of the L. intestinalis species complex infect a large range of freshwater Cyprinidae (Bouzid et al. 2013) , and are widespread throughout the northern hemisphere (Dubinina 1980) . It has been recorded from the body cavity of, among others, roach, Rutilus rutilus (Kennedy et al. 2001; Loot et al. 2002) , straightfin barb, Barbus paludinosus (Barson and Marshall 2003) , tench, Tinca tinca (Korkmaz and Zencir 2009) and Chalcalburnus mossulensis (Parsa Khanghah et al. 2011) . L. intestinalis has also been shown to impact on the growth of the host fish (Loot et al. 2002) , and has considerable potential to impact on gonad development of its host (Kennedy et al. 2001, Jobling and Tyler 2003) .
In this study, we investigate the dynamics of an epizootic of L. intestinalis (hereafter called simply Ligula) in the Hamiz reservoir (hereafter Hamiz). Hamiz is one of the oldest Algerian dams, dating back to 1869. Its waters are used for irrigation and for drinking. The most common fish in the Hamiz, and the only native species, is the Algerian barb, Barbus callensis Valenciennes, 1842 (Froese and Pauly 2014) .This Least Concern (LC) barbel species (García et al. 2010 ) is endemic to the Maghreb and widely distributed in the running waters (Lévêque and Daget 1984) that originate in the Atlas Mountains. The presence of barbels tends to indicate fluvial habitats of relatively low disturbance (Britton and Pegg 2011) . However, this species has also adapted to life in the littoral of reservoirs. Several other non-native fish species also occur in the Hamiz, including the invasive common carp Cyprinus carpio Linnaeus, 1758, silver carp Hypophthalmichthys molitrix (Valenciennes, 1844) and bighead carp Hypophthalmichthys nobilis (Richardson, 1845) , which were imported from Hungary (Ministry of Fisheries and Aquaculture). These Cyprinids are among the most frequently introduced species (Froese and Pauly 2014) and are considered as potentially harmful (IUCN 2014) . Moreover, these species have been shown to be potential hosts for the Ligula parasite (Vulpe 2002, Urdeş and Hangan 2013 ) and prior to their introduction Ligula infection of B. callensis was never reported on this lake.
We had three main objectives. First, we assessed the potential and actual occurrence of Ligula infestation in the Hamiz by quantifying the infection of native fish over multiple years and evaluating the presence of other life stage hosts. Second, we examined the dynamics and effects of this infection. In common with Ligula populations in other areas (Korkmaz and Zencir 2009; Loot et al. 2002) , we predicted that Ligula population dynamics and infection rate would be influenced by seasonal differences. We also predicted that, like other parasitic infections, Ligula would cause a reduction in native fish condition (Barson and Marshall 2003) and gonad weight (Carter et al. 2005; Dejen et al. 2006 , Trubiroha et al. 2010 . Finally, we considered the evidence in support of the hypothesis that Ligula infection has a cyclic character in the Hamiz by evaluating whether infection rate decreased, and was associated with differences in fish characteristics, over time. Based on these results and knowledge of the ecology of this cestode and its hosts, we discuss possible reasons for the dynamics of this epizootic process associated with Ligula infection in the Hamiz.
Materials and Methods

Study site
The Hamiz reservoir is built on the wadi (river) Arbatache (Fig. 1) , situated in the plain of Mitidja (36°35´59˝N, 3°20´50˝E), 158 m above sea level and 35 km east of Algiers (Ould Rouis et al. 2012) . The dam area has a Mediterranean climate: the period from summer until early autumn is hot and dry. The late autumn and winter are wet. Some rains persist in spring. Monthly average air temperatures vary from 12°C to 26°C and increase in April-May. The water level in Hamiz depends on rainfall, evaporation and the use of water for irrigation, all of which leads to a level range of 13 m. Precipitation averages 839.4 mm per annum, but is variable. mesh size of 155 mm and were deployed in the morning, in the deepest area of the lake, and left submersed in water overnight. The next morning, the nets were removed from the water and all fish were collected and sacrificed, then immediately transported in cool boxes to the laboratory.
For each fish, total (TL) and standard (SL) body length were measured to the nearest millimeter, and total weight (TW) was obtained to the nearest gram. After dissection, gutted fish were weighed (somatic or eviscerated weight). Viscera and gonads were separated and each was weighed to the nearest 0.001 g. Observation of gonad state allowed us to separate fish into mature males and females and immature fish.
Parasite collection
Fish were classified according to the presence or absence of plerocercoid larvae as infected and uninfected fish, respectively. When parasites were present, they were removed from the abdominal cavity, numbered and individually weighed (Wp) to the nearest 0.001g and then preserved in 95% ethanol. These samples were used for genetic analysis by W. BouzidLamine.
Bird and zooplankton hosts
Observations and counts of waterbirds were also conducted from October 05 to October 06, with occasional surveys thereafter, to assess the availability of avian hosts. We made standardized visual observations with binoculars from a vehicle running at a low constant speed along a predetermined trajectory in less than three hours, excluding extreme weather conditions.
To determine the copepod species that inhabit the lake, surface and vertical samples were collected using a plankton net of 100 µm mesh size. Plankton sampling was conducted monthly around the same site as the fish samples, just before deploying the fish nets in the morning. The disturbance this entailed was no more than that required to set the fish nets, and fish had a full 24 hours to enter the fish nets after deployment, so plankton sampling should not have affected fish sampling. Plankton samples were removed from the net and fixed in 4% formaldehyde solution for laboratory analysis. Individuals were identified to species level using a compound microscope (Zeiss) at high power magnifications with particular attention to copepods, the intermediate hosts of Ligula. Taxonomic identifications of copepods were performed according to Dussart (1967 Dussart ( , 1969 .
Statistical analysis
Analyses were conducted in three stages: First, we assessed whether Ligula infection is affected by seasonal factors. Second, we characterized the effects of the parasite on Algerian barbs. For these two sets of analyses we used the data recorded between October 2005 and October 2006. Third, we charac- Rouis et al. 310 terized the infection using data from all surveys. Statistical analyses were performed using the software package IBM-SPSS/ v. 20.
Seasonality of Ligula intestinalis infection
To test the hypothesis that parasitization shows seasonality, we first calculated the parasitization index (PI: Equation 1) (Kennedy and Burrough 1981) for each infected fish (n = 22); then the prevalence (P: Equation 2), abundance (A: Equation 3) and intensity (I: Equation 4) of parasites for each month (Bush et al. 1997 , Margolis et al. 1982 . These infection parameters were calculated using the program Quantitative Parasitology (Reiczigel and Rózsa 2005) .
Equation 1:
W p = the total weight of parasites per host; TW = total host weight.
Equation 2:
N' = the number of hosts infected with the parasite L. intestinnalis; H = the number of hosts examined for the parasite species.
Equation 3:
n p = the total number of individual parasite across all hosts; H = the total number of potential hosts examined (infected and uninfected).
Equation 4:
n p = the total number of individual parasite across all hosts; N' = the number of hosts infected with L. intestinalis.
Each of these variables was used as the dependent variable in separate Generalized Linear Models (GLMs), assuming normal distribution with an identity link function. For the prevalence, abundance and intensity of parasitic infection, season was the independent variable (spring: March to May; summer: June to August; autumn: September to November; and winter: December to February). For parasitic index, in addition to season, fish sex was included as an independent variable as males and females are likely to be differentially affected by season. Any insignificant interaction term was removed and the analysis repeated to obtain the simplest model.
Characterization of Ligula intestinalis infection in Algerian barbs
To assess whether the incidence of infection was sex, ontogenetic stage or size dependent, we conducted two analyses. First, we calculated the proportion of the total fish catch that were infected for each of males, females and juveniles and used this as the dependent variable in a χ 2 test. Second, using data for all fish (n=434) we conducted a GLM with infection as the dependent variable (yes/no: binomial distribution, logit link function) and fish standard length as the independent variable. We further assessed whether larger fish contain more parasites using two correlations: fish standard length (SL) versus each of parasite number and parasite weight. For the correlations, we used only infected fish for which parasite weight was available (n=19). As both SL and parasite weight were normally distributed we used a Pearson correlation for this analysis and a Spearman correlation for the non-normal parasite number.
Then, we investigated the effects of parasitic infection on Algerian barbs. First, to test the hypothesis that parasite infection causes a reduction in fish condition, we calculated a condition factor (e.g. Nash et al. 2006) for each fish (Equation 5) and used this as the independent variable in a GLM with normal distribution and identity link function. The independent variables were infection, which was our main interest, and season and sex, both of which are likely to affect fish condition. These were first included in a fully factorial analysis, then to obtain the simplest model the analysis was repeated with insignificant interaction terms removed.
Equation 5:
W= total weight (g) for uninfected fish and for infected fish, W= total weight less the parasite weight; L = standard length (cm).
Second, we assessed the hypothesis that infected fish have reduced gonad weight. For this analysis we used all adult fish for which gonad weight was recorded (n = 316) in a GLM with gonad weight as the dependent variable (normal distribution, identity link function), and infection (our main variable of interest), season and sex (likely influences on gonad weight) as interacting independent variables. Total weight was included in the model as a covariate. As before, the analysis was repeated with any insignificant interaction terms removed to obtain the simplest model.
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Finally, we investigated the hypothesis that gonad weight is reduced in direct proportion to parasite weight. While it is not possible to assess the reduction in gonad weight caused by parasite infection, a correlation between gonad weight and parasite weight gives indirect evidence for such an influence. We therefore conducted a Pearson correlation (as both variables were normally distributed) on gonad weight versus parasite weight.
Characterization of Ligula intestinalis infection
To test the hypothesis that L. intestinalis infection in the Hamiz was in decline, we first calculated the proportion of fish infected out of the total fish caught for all months for years 1 and 2. Year 3 was incomplete so was not included. As these data did not approximate normality or Poisson (or other distributions) they were used as the dependent variable in a Wilcoxon signed rank test with year as the independent variable.
We also assessed whether infection was associated with differences in fish characteristics over time. We conducted separate Generalized Estimating Equations (GEEs: an extension of GLMs for use when data is non-independent) with each of number of fish caught per month; and fish standard length, weight and condition factor (calculated using Equation 5 above) as the dependent variables (normal distribution, identity link function). Year was the within subjects factor and year, season and their interaction were the independent variables in the final model.
Results
The most common fish in Hamiz was B. callensis, of which 434 specimens were collected in the first year. Females were more numerous and larger (Fig.2a) than males (Fig.2b) and juveniles were present in our samples (Fig.2c) . In total 57 plerocercoids (three parasites on average per infested fish) were recorded from 22 fish. The minimum and maximum parasite weights were 0.12 g and 6.3 g with average 2.0 g. The greatest number of parasites harbored by a single infected fish was 8. Two fish had five, one had four and the remainder had between one and three parasites in the abdominal cavity.
After January 2007 and until February 2008, the annual number of B. callensis caught dropped sharply to 132 specimens, none of which were parasitized. Irregular surveys continuing into 2010 showed the same picture: not a single infected fish was found.
Estimation of bird and zooplankton species
During our main survey, five waterbird species were observed on the lake (Fig.3) (Samraoui and Samraoui 2008 ) and the cormorant and heron Sonia Ould Rouis et al. 312 are highly dispersed migrant species. Of these species, the cormorant, heron and Great Crested Grebe are known to be potential final hosts for L. intestinalis (Loot et al. 2001) . However, none of the piscivorous species (both grebes, heron, cormorant and egret) were encountered very frequently.
The zooplankton community decreased in abundance in winter, but stocks remained appreciable. The cladocerans included three species of Daphnia while the copepods, the first intermediate host, were dominated by Copidodiaptomus numidicus (Gurney, 1909) with fewer Acanthocyclops americanus (Marsh, 1893) and Cyclops abyssorum G.O. Sars, 1863. The latter two copepods have a wide geographic range whereas the former is endemic to the Maghreb and southern Iberia (Dumont 1979) .
Seasonality of Ligula intestinalis infection
The parasitization index of infected fish ranged from 0.00 to 3.33 with an average of 1.48. This differed significantly with season (Wald χ 2 = 11.338, df = 3, p = 0.010), from the lowest value in summer to the highest in winter (Fig.4) , but note that the winter sample contained only one infected fish. PI did not differ with sex (Wald χ 2 = 5.337, df = 2, p = 0.069) and the interaction between these variables was insignificant (Wald χ 2 = 5.177, df = 3, p = 0.159). Once this interaction was removed, neither variable produced a significant difference in parasitic index (season: Wald χ 2 = 5.988, df = 3, p = 0.112; sex: Wald χ 2 = 5.526, df = 3, p = 0.063). The average prevalence across the whole study was 5.07%. No infection was recorded in November, January and April, although the maximum number of parasites collected (27) was in spring. Prevalence was lowest in winter (1.20%) and increased in summer (8.06%), whereas mean abundance and mean intensity were marked by spring peaks (0.19 and 2.4 respectively). However, there were no significant seasonal differences for any of the epidemiological parameters (Prevalence: Wald χ2 = 3.166, df = 3, p = 0.367; Abundance: Wald χ2 = 3.846, df = 3, p = 0.279; Intensity: Wald χ2 = 1.849, df = 3, p = 0.64). 
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Characterization of Ligula intestinalis infection in Algerian barbs
There was no difference in the frequency of infection with sex or ontogenetic stage (χ2<0.001, df = 2, p = 1.000). However, uninfected fish were significantly smaller than infected fish (Wald χ2 = 7.806, df = 1, p = 0.005; Fig.5 ). For those fish that were infected, neither parasite weight (Pearson r = 0.328, n = 19, p = 0.170) nor parasite number (Spearman r = 0.215, n = 19, p = 0.377) was significantly correlated with fish size. There was no obvious difference in weight: total weight ranged between 33g and 2231g in uninfected fish, and 63g and 2050g in infected fish. This similarity is reflected in the results for condition factor, which was not influenced by any of infection, season or sex, and nor were any of the interaction terms significant (Table I , Analysis 1). Removing the interaction term still failed to produce a significant effect (Table I , Analysis 2).
The effect of the parasite infection was clearly observed in gonad size, which increased with fish total weight (Table II; Fig.6 ). Gonads were normally developed in uninfected fish (mean weight 6.67 g ± 12.26), but significantly atrophied (mean weight 4.90 g ± 12.55) in infected ones. All other variables and their interactions were insignificant (Table II , Analysis 1). When the interaction terms were removed, all of infection, season and total weight significantly affected gonad weight (Table II , Analysis 2) but sex remained insignificant. Gonad weight increased with total weight for both uninfected and infected fish in spring (Fig.6a) , whereas in summer ( Fig.6b) and autumn ( Fig.6c ) uninfected fish showed a similar increase in gonad weight with total weight, while for infected fish gonad size was approximately the same for fish of all sizes. However, there was no correlation between gonad weight and parasite weight (Pearson r = 0.219, n = 15, p = 0.434).
Characterization of Ligula intestinalis infection
The proportion of infected fish caught was significantly higher in year 1 (Z = -2.197, n = 24, p = 0.028; Fig.7 ). In year 2 infected fish were caught only in the autumn and infection col- lapsed to zero by the second winter of our survey (Fig.7) . This is associated with differences in demographic parameters. In year 1 the number of fish caught was fairly constant across seasons (Fig.8a ). In year 2, fish catch was significantly reduced compared to year 1 (Table III , Analysis 1), with the exception of autumn in which fish catch was much higher (Fig.8a) . By year 3 the number of fish caught was reduced dramatically (Table III , Analysis 1; Fig.8a ). Standard length (Fig.8b ) and total weight (Fig.8c) show some similar patterns across years and seasons (Table III , Analysis 2 and 3). For both variables, the lowest values were in autumn (Figs.8b and 8c) .
Year 2 values were lower than year 1 in spring and summer for length (Fig.8b) , and in all seasons for weight (Fig.8c) . How- Season ever, autumn and winter values for length were higher in year 2 (Fig.8b) . Fish showed an apparent recovery in year 3, with higher values for both length and weight (Figs.8b and 8c) . However, parasite infection still did not significantly affect host condition factor (Table III , Analysis 4; Fig.8d ).
Discussion
Barbus callensis in the Hamiz reservoir were infected with Ligula intestinalis, particularly during our earlier sampling, thus confirming the presence of the parasite in this region where it had previously not been recorded. For a Ligula population to perpetuate itself, the three stages in its life cycle should be approximately equally successful: copepods are the first intermediate host, fish are the second, and piscivorous birds are the final host in which the parasite reaches sexual maturity. Although the adult worm has a lifespan of only few days inside their definitive host (Kennedy et al. 2001) , these fish-feeding migrants play a crucial role in the life cycle of Ligula (Loot et al. 2001) . Three potential bird hosts, the cormorant, heron and great crested grebe, were found at the Hamiz during our surveys. Of these, the cormorant and heron are migrant species so may be implicated in the introduction of Ligula into the Hamiz. However, all three species were relatively uncommon, probably because of the lack of quality habitats which are closely associated with the aquatic environment (Samraoui et al. 2011) , so their role in this introduction and subsequent dispersal within the lake is likely to be negligible. The first intermediate copepod host plays an equally important role in the infection chain (Loot et al. 2001) . If no appropriate copepod species is available, the parasite cycle cannot be closed (Piasecki et al. 2004 ). However, not all copepods are equally susceptible to coracidia (Loot et al. 2001) . Copepodid stages are immune from infection, while carnivorous adults consume tapeworm larvae instead of being parasitized by them and therefore constrain rather than promote tapeworm success. In Hamiz, two of the three species (Cylops abyssorum and Acanthocyclops americanus) are carnivores, and only Copidodiaptomus numidicus, a westMediterranean endemic and the most abundant copepod species in the Hamiz, is a particle-eater and perhaps a suitable host. Therefore, although non-fish hosts are limited to a few species only, their presence should allow the Ligula infection in the Hamiz to persist. Transmission of infection from the copepod to the fish host depends on the ability of the fish to predate the invertebrate. The B. callensis population in the Hamiz appeared well adapted with numerous females. During the spawning season, when the temperature rises between April and May, mature females and males come into contact, and juveniles appear in the lake in summer particularly on its shores (Ould Rouis, personal observation). At this stage, barbels may feed on zooplankton, thus potentially causing infection with the parasitic tapeworm, and our results showed a highest prevalence during Although seasonal effects were negligible in our study, this does suggest that summer is the time of greatest potential Ligula infection of barbel via predation of copepods. However, the feeding regime of fish plays an all-important role in transmission success (Loot et al. 2001) . B. callensis are benthic feeders so in the Hamiz parasite larvae were confronted with a non-lacustrine fish that will only feed on zooplankton if given no other choice (Kraïem 1996) . Moreover, as copepods are agile swimmers and therefore not easy prey for fish, they are unlikely to be consumed if easier prey species, such as cladocerans, are available. Our sampling showed the presence of at least three species of Daphnia in the Hamiz which are likely to be preferentially consumed by barbels. Nevertheless, the presence of Ligula infection in the Hamiz barbel population indicates some transfer of the parasite from the first to the second intermediate host and the infection parameters in the Hamiz are comparable with those in other areas. Values of parasitization index were close to those in Mogan Lake in Turkey (Ergonul and Altindag 2005) , while the prevalence, mean intensity and abundance values were similar to those in roach and rudd in two reservoirs in Tunisia (Bahri-Sfar et al. 2010) and Straightfin barb in Zimbabwe (Barson and Marshall 2003) .
Neither sex nor ontogeny affected the probability of becoming infected with Ligula. Likewise, neither parasite weight nor number were dependent on fish size. However, infected fish were significantly larger than those who were healthy. Infestation was minimal in fish sized 154-310 mm, increased to a maximum in hosts of 414-466 mm and never occurred in fish larger than 466 mm. Similar size distributions of Ligula infection have been recorded in other locations (Zhokhov and Pugacheva 2012) . Only 0+ and possibly some 1+ fish will eat zooplankton (Cherghou et al. 2002) and so become infected, indicating that these larger fish were infected when they were young and grew to the size at which they were found during our survey. The disappearance of large-sized infected hosts might occur if older fish develop immunity (Quinnell et al. 1995) , but there is no evidence that infected fish can ever shake off their parasite load. Alternatively, large infected fish might have died en masse under their parasitic load (Loot et al. 2002) . However, we found no evidence that such heavily infected fish were ever present in the Hamiz, where we noted a weak infection instead. Diseased fish did have inhibited gonad development, a phenomenon reported by others (Kennedy et al. 2001 , Carter et al. 2005 , Dejen et al. 2006 , Trubiroha et al. 2010 , which has been ascribed to Ligula causing hormonal disorders in fish (Jobling and Tyler 2003) . Ligula may thereby regulate the size of its fish host population, but only if a sufficient number of fish are infected. At low prevalence and infection rates, it is unclear whether this parasitic castration has any tangible ecological effects. Moreover, condition factor was not influenced by infection (Msafiri et al. 2014) , confirming that Ligula at low infection rates is relatively harmless (Ergonul and Altindag 2005) . This also suggests that the loss of weight of the gonad is almost exactly compensated by abundance of perivisceral fat in the fish (Trubiroha et al. 2010) .
Overall, the dynamics of the Ligula infection in the Hamiz appeared to be quite weak and of a temporary nature suggesting an epizootic cycle typical of this cestode parasite (Kennedy et al. 2001 , Hoole et al. 2010 . The size distribution of infected fish in earlier surveys is notable in this respect, with minimal infection of smaller fish. Moreover, during our later surveys the rate of infection of barbels decreased over time until no infected fish were found at all, and the fish population showed some recovery in both the length and weight of captured animals by the third year although the total fish catch remained low compared to our initial surveys. There are several possible contributing factors to this epizootic process associated with the Ligula infection in the Hamiz. The lack of strong ecological effects of this infection is significant in this regard as this may allow stochastic environmental changes to affect parasite abundance (Yen Nhi et al. 2013) . A second possibility is that Ligula infection may decline if suitable intermediate hosts are lacking so the parasitic life cycle is not closed (Loot et al. 2001 , Bouzid-Lamine 2008 . Our surveys indicate that at least some hosts for all stages of the Ligula life cycle can be found in the Hamiz. However, it is still feasible that the frequency of fish (or other) hosts is reduced below the carrying capacity of the parasite population (Kennedy et al. 2001) . Fish developing immunity to Ligula infection (Quinnell et al. 1995) is unlikely in this case, as there is little evidence for this possibility, but the number of barbel caught had certainly decreased by our later surveys suggesting that fish density could be a contributory factor. The specific genetic strain of Ligula may also contribute to its success or failure. Local adaptation over time tends to result in host specificity; the tapeworm parasitizes only one or few local species of fish per geographic area (Bouzid-Lamine 2008 , Britton et al. 2009 ). North African Ligula populations generally fall into two distinct clades: the Tunisian population is related to European groups, while the Hamiz sample clustered with Chinese populations, which are highly host-specific. The Hamiz sample contrasts with that from Tunisia in which no specimens of B. callensis were infected (Kraïem 1994 , Bouzid-Lamine 2008 . The invasive carp species, which were introduced in 2006 for aquaculture purposes as well as to clean the dam and oxygenate the water (Ministry of Fishing and Fishery Resources), may also show differences in infection rate. In Turkey, no infection was observed in C. carpio (Turgut et al. 2011) while in the Hamiz there was a clear difference with common carp being heavily infected and silver and bighead carps not at all (Ould Rouis, unpublished data). Invasive carp may also contribute to the reduction in barbel density. The rapid increase in carp density in the dam resulted in considerable habitat alteration, including the destruction of barbel's spawning habitat, and may have promoted a reduction in the numbers of overwintering birds using the lake (Crivelli 1992) . The consequent reduction in potential host numbers is likely to have impacted on parasite fitness. Thus, the introduction of carp, which is a likely route of unintentional Ligula introduction (Lafferty et al. 2010) , and may contribute to its spread in any given area, may ironically also be influential in the decline of this Ligula infection in the Hamiz. A similar scenario has been reported in other aquatic communities (e.g. Kennedy et al. 2001 ).
In conclusion, we here confirm an infection of Ligula intestinalis in the Hamiz dam, a location in which Ligula has not previous been recorded. Ligula in the Hamiz exhibited weak ecological effects in native fish species and, in common with other aquatic systems, probably showed an epizootic cycle, thus declining or even failing during our study period. Likely routes of infection are through the introduction of alien carp or via migratory bird species, while of the many potential factors in its decline, alien fish species appear to be influential. Along with other authors (e.g. Hoole et al. 2010) we also highlight Ligula's unique role as a model to study the long-term effects of parasitization on host species dynamics.
